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Abstract 
 
Phosphorus (P) is a nutrient needed by plants. Phosphorus is very chemically reactive and will react with 
calcium and magnesium very readily if the pH is greater than 7.5. This greatly reduces the soluble 
fraction of phosphorus available for plant uptake and utilization by up to 90%. Economically minable 
phosphorus sources are finite and the world population is increasing. These two factors create the need 
for increased efficiency in the use of phosphorus. This study provides an overview of multiple products 
currently on the market which claim to increase applied phosphorus extractability with emphasis on 
Titan XC (Bacillus licheniformis). Research was conducted to observe the effect which Titan XC, added 
with a standard phosphorus treatment of mono-ammonium phosphate (MAP), had on the extractable 
phosphorus levels of two soils using the Olsen sodium-bicarbonate method over a period of 62 days. 
These results are compared to an untreated control and a standard phosphorus treatment of mono-
ammonium phosphate. Two diverse high pH soils where selected. The Kahlotus location located at 
46.64284 -118.54654 which contained excessive sodium and magnesium with no free lime and a low 
level of extractable phosphorus (5ppm Olsen test). The Burbank location located at 46.09284                    
-118.85277 had excessive free lime and was high in calcium, with a relatively high level of extractable 
phosphorus (28 ppm Olsen test) when compared to the Kahlotus site. Both soils were from the Mid 
Basin area in SE Washington State. The results of the study show that the Titan XC + MAP treatment 
increased extractability of phosphorus at 62 days compared to the MAP treatment and the control. The 
greater level of extractable phosphorus from the soil using Bacillus licheniformis has the potential to 
provide greater extractable phosphorus to plants later in the growing season. This could positively 
influence plant health and final yield in plant production systems in which phosphorus is limiting.  
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Introduction 
Minable worldwide phosphorus (P) sources are limited and current minable P sources are 
decreasing. This is because greater amounts of P fertilizer are needed to support crop production for an 
ever-increasing human population (Cornish, 2010; Syers et al., 2007). This situation creates a dilemma 
which must be addressed to ensure that as future demands for agricultural phosphorus supplies 
increase, methods will be utilized to provide the needed phosphorus. Which methods will solve this 
dilemma? Perhaps recycled phosphorus from utilizing human waste in metropolitan areas or other 
recycled sources (Benedict et al., 2018; Syers et al., 2007). Perhaps the discovery of additional 
economically minable phosphorus reserves. Perhaps other methods not put forth in this creative 
component will increase P supplies. The focus of this creative component is to explore the possibility of 
increasing the efficacy of the utilization of applied phosphorus with a growing crop in the first year of 
application. With first year P use efficiency currently between 10%-20% in soils (Menzies, 2009) and in 
rare cases up to 30% (Sharma et al., 2013; Malhi, 2002), the amount of P available to crops from applied 
first year phosphorus is very low and improvement in efficiency is needed. Low availability of 
phosphorus often occurs in the first year when applied to alkaline soil, which is a soil with a pH higher 
than 7.0, which is neutral. Often alkaline soils fall in the range of 7.5-8.5, the high pH lowers the 
solubility of P in the soil (Hopkins and Ellsworth, 2005). Phosphorus availability is also lower in 
calcareous soil, which is a soil which contains excess free lime which is often calcitic or dolomitic in 
nature (Hopkins and Ellsworth, 2005).  In both alkaline and calcareous soils phosphorus solubility is 
decreases when compared to neutral or slightly acidic soil. This is because of the lower solubility of 
phosphorus in the soil solution from high soil pH and because of soil reactions taking place between 
calcium and phosphorus by the formation of calcium phosphate. These factors decrease availability of 
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phosphorus for plant uptake (Hopkins and Ellsworth, 2005). This decrease in available soluble 
phosphorus because of high pH and/or reactions with calcium and other elements in the soil can 
necessitate a greater amount of phosphorus and higher soil phosphorus testing soils. This is needed to 
supply the critical level of available phosphorus for crops when compared to neutral or slightly acidic 
soils (Hopkins and Ellsworth, 2005). The availability of phosphorus in different soils varies because of the 
diversity of the materials which compose a soil. Some of these factors are the pH, and level of free lime, 
which vary from one location to another, often even in the same field. Because of these factors, soils 
have different abilities to limit the amount of applied phosphate availability to the plant to plants 
growing in those soils often within different areas of the same field (Menzies, 2009).   
Applied phosphorus lowers in availability as factors such as pH and free lime increase in the soil. 
This lower availably of applied phosphorus creates a need for products to increase extractability of the 
applied phosphorus. Products are on the market and are used with phosphorus fertilizers or additives 
and often claim they increase available P. Some claim to do this by slowing the rate that applied 
phosphorus becomes unavailable or through some other method. Some of these products claim to 
increase availability of phosphorus by decreasing chemical reaction rates in the soil with applied 
phosphorus. Other products use living, dead, or exudates of microorganisms. (De Freitas et al., 1997; 
Rodriguez and Fraga, 1999). Microorganisms such as certain types of bacteria have shown to enhance 
nutrient cycling in the soil such as phytate which is resistant to mineralization in terrestrial systems and 
composes up to 80% of organic phosphorus in soils (Lim et al., 2007). Some bacteria also have the ability 
to solubilize various types of phosphate compounds through various methods some of which are not 
fully understood (Nahas, 1996; Vazquez et al., 2000). One method bacteria can use is the production of 
acids (Vazquez et al., 2000). Still other products use manufacturing technology such as making a 
homogeneous prill containing elemental sulfur and phosphorus. The elemental sulfur creates a more 
acidic zone around applied phosphorus in high pH soils and increases availability (Soaud et al., 2011; 
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Morgan and Mahmoud, 2013). Other products on the market place are using slow release fertilizer 
technology such as polymer technology to prevent phosphorus chemical reactions in the soil, thereby 
maintaining an available form of phosphorus for plant uptake (Malhi, 2002). There are mycorrhizal 
fungus products which greatly increase the surface area of soil which the plant can access nutrients 
though. This is done using the fungal hypha which the plant has a symbiotic relationship with, and are 
marketed to increase phosphorus uptake by plants. The methods and products currently marketed to 
growers are extensive and diverse. Some of the names of a few of these products currently on the 
market, which either the manufacturer and/or a retailer claims to increase phosphorus uptake by plants 
are Avail (30 - maleic-itaconic copolymer, mixed partial ammonium-calcium salt) (Nelson et al., 2012), 
Titan XC (Bacillus licheniformis), Mammoth P (active microbials), Polyon (polyurethane), MESZ 
(monoammonium phosphate, ammonium sulfate, elemental sulfur, and zinc in homogeneous prill 
form), and MycoUp (Glomus iranicum car tenuihypharum var nov. 120 propagules per ml.). Titan XC 
which contains the active ingredient of Bacillus licheniformis, is advertised to be able to improve first 
year recovery of nutrients, enhance nutrient use efficiency, and increase the availability of nutrients in 
the soil for plant uptake. Titan XC manufacturers also claim the product provides consistent results 
across a variety of crops and soil types. An examination of all products currently marketed to increased 
phosphorus availability in soils common to the Pacific North West was beyond the scope of this research 
project. Due to the number and variety of products. The scope of this research project was to focus on 
one product, Titan XC treated monoammonium phosphate (MAP) in a limited context. The experiment 
was conducted using high pH soils in Washington over a two-month period under uniform conditions. 
The hypothesis of this experiment is that Titan XC will significantly, using a confidence interval of 95%, 
increase the level of extractable phosphorus. The testing method used is the Olsen bicarbonate method, 
in high pH soils in the Columbia Basin of Washington State caused by excess Sodium or excess free lime.  
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Loveland Products Inc. (Loveland, CO) markets Titan XC. They claim that the product will 
increase nutrient availability and uptake and enhance nutrient use efficiency, resulting in better root 
growth and development, and improved plant performance (Loveland, 2016). 
Titan XC is a formulated live organism; the active ingredient is listed as Bacillus licheniformis, 
which was shown to be a beneficial bacterium referred to as a “plant growth-promoting rhizobacteria” 
(PGPR) (Garcia et al., 2004) and has been shown to increase metal accumulation in certain Brassicaceae 
species (Brunetti, 2011). Trials at the University of San Pablo in Madrid, Spain showed multiple positive 
results for improved plant health and yield when tested on tomato (Lycopersicon esculentum) and 
peppers (Capsicum annum). An initial inoculation and subsequent re-inoculations were conducted every 
20 days to achieve a 108 CFU g-1 in the soil until harvest on multiple varieties of tomatoes and peppers in 
soil and soilless media. Positive results included fewer pathogen infections and increased induced 
systemic resistance to disease, no infection of vascular tissue by diseases caused by Phytophthora or 
Fusarium compared to a 5% infection rate of controlled plants (Garcia et al., 2004). Increased nutrient 
availably has also been shown by the colonization of plant roots by Bacillus licheniformis (Saharan and 
Nehra, 2011). The B. licheniformis also produced the growth hormones auxin and gibberellins in the 
culture media which may also contribute to increased plant growth (Garcia et al., 2004). The inoculated 
plants resulted in significantly taller plants with more leaf area, a greater number of fruit, and a larger 
sized fruit than the untreated control (Garcia et al., 2004). 
 When camellia (Camellia japonica) was inoculated with Bacillus licheniformis on reclaimed 
coastal lands in Korea with high saline conditions, the inoculated plants had a 2.2-fold greater amount of 
nitrogen in the soil and phosphorus content in the soil had increased 20 fold (Park et al., 2017). Auxin 
was also detected in the Bacillus licheniformis soil while no auxin was detected in the control soil, 
chlorophyll content was significantly higher (P<0.05) in the treated plant leaves with a level of 64.6 using 
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a SPAD meter compared to the control reading of approximately 52 (Park et al., 2017), treated plant 
root mass, while not significantly different was 1.8 times heavier dry weight than the untreated plant 
roots (Park et al., 2017).  Bacillus licheniformis also has been shown to protect plants from excessive 
metal accumulation and stimulate growth (Brunetti et al., 2011). 
Cucumbers (Cucumis sativus) treated with Bacillus licheniformis in the cotyledon stage of plant 
growth to the surface area of the treated cucumber above ground foliage was significantly larger (77.46 
mm2) than the untreated control (64.39 mm squared) with and LSD of 5% (Hussain and Hasnain, 2009). 
The treated cucumbers plants were also much heavier, 139% greater when compared to the untreated 
control (Hussain and Hasnain, 2009). The cucumbers treated with Bacillus licheniformis had a 
significantly (P=0.05) larger number of divisions per meristematic cell which was 0.1687 divisions per 12 
hours in a lighted condition when compared to the control of 0.1515 meristematic divisions per 12 hours 
under the same conditions. Little published information is available on the effects of Titan XC application 
on P availability on high pH soil.  Consequently, I conducted a pot study with the objective to determine 
if Titan XC influences extractable phosphorus in high pH soils. 
 
Materials and Methods 
The experiment was designed to determine if Titan XC could improve P availability on calcareous 
soil from the area near Burbank, Washington. Additionally, a soil also was tested, which while it was not 
classified as sodic did have a high pH (8.7) and a relatively large percentage of exchangeable sodium 
with a base saturation of 6.8% sodium located near the town of Kahlotus, Washington. Table 1 presents 
chemical parameters measured from the Burbank and Kahlotus soil samples before fertilizer or Titan XC 
were added. 
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Table 1. Pretreatment soil chemical parameters from sites samples obtained near Burbank and 
Kahlotus in the Columbia Basin, WA.   
Pre-treatment composite soil sample 0 to 6-inch depth 
Burbank Loc. (Quincy fine sand)______          Kahlotus Loc. (Esquatzel silt loam / Clemans fine sandy loam) 
NO3-N ppm    30.4  NO3-N ppm   34.0  
NH4-N ppm   3.8  NH4-N ppm   4.2 
P Olsen ppm   28  P Olsen ppm   5 
K Acet. ppm   353  K Acet. ppm   359 
SO4-S ppm   19  SO4-S ppm   9 
B DTPA    1.06  B DTPA ppm   0.74 
OM Walkley- Black %  2.36  OM Walkley- Black %  1.81 
pH1:2    7.9  pH1:2    8.7 
SS 1:1 mmho/cm  0.64  SS 1:1 mmho/cm  0.66 
Zn ppm DTPA   6.8  Zn ppm DTPA   0.7 
Mn ppm DTPA   11  Mn ppm   3 
Cu ppm DTPA   1.4  Cu ppm    0.8 
Fe ppm    10  Fe ppm    11 
Ca Acet. ppm   11.4  Ca Acet. ppm   7.8 
Mg Acet. ppm   1.4  Mg Acet. ppm   3 
Na Acet. ppm   0.17  Na Acet. ppm   1.02 
Effervescence Test  Heavy  Effervescence Test  None 
Total Bases Meq/100g  13.9  Total Bases Meq/100g  14.9 
Base Saturation Ca%  82.2  Base Saturation Ca%  52.2 
Base Saturation Mg%  10.1  Base Saturation Mg%  34.8 
Base Saturation K%  6.5  Base Saturation K%  6.1 
Base Saturation Na%  1.2  Base Saturation Na%  6.8________________ 
The experiment compared three treatments applied to two soil types in a completely 
randomized design with four replications of each treatment.  Treatments were 1) mono-ammonium 
phosphate (MAP) applied at the equivalent to 344 kg of P2O5 ha-1, 2) Titan XC treated MAP at the 
identical rate of 1), and 3) an untreated control.  These treatments were tested on each of two location 
soils. Representative soil samples were taken from Esquatzel silt loam (Coarse-silty, mixed, superactive, 
mesic Torrifluventic Haploxerolls) and Cleman fine sandy loam (Coarse-loamy, mixed, superactive, mesic 
Torrifluventic Haploxerolls) from the Kahlotus site which has a high sodium base saturation of 6.8% and 
contains no free lime. The Quincy fine sand (Mixed, mesic Xeric Torripsamments) dune land from the 
Burbank site to a depth of 6 inches which has a high effervescence due to the free lime in the soil. All soil 
tests where done by Kuo labs which is privately owned. Soil was then dried, sieved <3mm, mixed, and 
the base line Olsen sodium-bicarbonate extractable phosphorus level determined by using 1.25 g of soil 
with 25 mL of a sodium-bicarbonate solution using the method manual from the North American 
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Proficiency Testing Program (NAPT) (Gavlak et al., 2013) method S-4.10 (Olsen and Summers, 1982).  
The solution was shaken for 30 min, filtered, and analyzed using a flow injection instrument (FIAlab, 
Seattle, WA). Along with a complete analysis to determine concentrations of nitrate, ammonium, 
ammonium acetate extractable potassium, sulfate, organic matter, soluble salts, base saturation of 
calcium, magnesium, potassium, sodium, and pH. The extractable boron, zinc, manganese, copper, and 
iron also were determined using NAPT method S-6.12. The DTPA-sorbitol solution, using 10 g of soil and 
20 mL of solution (Lindsay and Norvell, 1978). The solution for the DTPA extraction was shaken for two 
hours and then filtered, and then analyzed by ICP (Inductively Coupled Plasma Spectroscopy).  
Before fertilizer or Titan XC were added, each soil was separated into 12 separate but equal 
amounts by volume and placed in one-gallon containers.  Each one-gallon container was then sampled 
to establish a base line Olsen sodium-bicarbonate extractable phosphorus level using the same NAPT 
method S4.10 as used in the composite sample for each container. The first treatment was the control, 
the second treatment received the equivalent of 344 kg/ha of P2O5 in the form of MAP. The third 
treatment received the equivalent of 344 kg/ha of P2O5 in the form of MAP treated with the Titan XC at 
32 oz/ton of fertilizer (Fig 1.). These treatments were repeated four times for each site. Analytical 
analyses were done by KUO Laboratories located in Othello WA, accredited by the State of Washington 
Department of Ecology and State of Oregon Environmental Laboratory Accreditation programs.   
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Figure 1. Diluted Titan XC before it was agitated the Titan XC in distilled water prior to injection 
of the Titan XC and water on the MAP for one of the treatments (photo by Nick Troy).  A subsample of 
soil was taken from each pot at 0 days (Fig. 2), just before the treatments were added, at 31 days after 
treatment application, and again at 62 days after treatment application. Samples were analyzed for 
sodium bicarbonate extractable P (Olsen and Summers, 1982).  The experiment was conducted in a 
uniform environment (Fig. 3) with controlled soil moisture content to minimize external environmental 
effects. Soil moisture was maintained throughout the experiment to keep the soil moist by the 
application of distilled water. The experiment was conducted out of doors in a fenced area to prevent 
any contamination of the treatments; samples were exposed uniformly to temperature fluctuations and 
rainfall. Total rainfall for the months of May, June, and July during the experiment was 0.87 inches.  
Average temperature was 66.1 oF in May, 67.9 oF in June, and 75.8 oF in July.  (WFO Monthly/Daily 
Climate Data, NOAA accessed 14 September 2018). There were no disease, insects, weeds, or crop 
variables to influence the results, and all pots and soils where subject to nearly identical climatic factors 
during the time of the study.   
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Figure 2.  Sampling of individual buckets for subsequent soil Olsen sodium bicarbonate analysis. (photo 
by Nick Troy) 
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Figure 3. Layout of the individual buckets with the separate treatments in a fenced off area. (photo by 
Nick Troy)  
 
Results and Discussion 
The effects of locations, phosphorus treatments (P), sampling date (D), and the P x D interaction 
were significant (Table 2).  The effects of location, P treatment, sampling date, and P treatment x 
sampling date were significant. The other interactions of Location × P, L × Date, and L x P x D, were not 
significant at P<0.05.  
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Table 2. Analysis of Variance for extractable phosphorus by location, phosphorus treatment, sampling 
date, and iterations.   
Effect Num DF Den DF F Value P > F 
Location (L) 1 18 81.96 0.0001 
Phosphorus treatment (P) 2 36 245.64 0.0001 
L × P 2 36 0.30 0.7356 
Sampling date (D) 2 18 255.76 0.0001 
L × D 2 18 0.91 0.4258 
     
P × D 4 36 63.82 0.0001 
L × P × D 4 36 0.51 0.7225 
Rep × D(L) 18 36 0.93 0.5472 
Residual 36 - - - 
     
 
The extractable phosphorus was relatively uniform on Day 0 of the trial with a mean of 28.8 
mg/kg and a range of 27-31 mg/kg from the Burbank site, and a mean of 5 mg/kg and a range of 6-12 
mg/kg for the Kahlotus site. Extractable phosphorus concentration was different when comparing the 
Kahlotus site with the Burbank site, with the Burbank site having a greater concentration of phosphorus 
(Table 2). However, on Day 31 of the trial (155 day of the year) some mean separation was evident, 
specifically the control compared to the MAP treatment as well as the MAP + Titan XC treatment. There 
was some similarity between the MAP treatment and the MAP + Titan XC treatment at day 31 (155 day 
of the year) with the MAP treatment showing a slightly higher, but not significantly higher level of Olsen 
sodium bicarbonate extractable phosphorus. The difference in extractable P was 4.8 mg/kg for the 
Kahlotus sample, and 7.0 mg/kg of the Burbank sample as can be seen in Appendix Figures 1-4.  
 
By day 62 of the trial (Day of the Year 186) there was a larger differentiation between all 
treatments. The control treatment was relatively constant, only varying a maximum of 1.8 mg/kg over 
the time of the study and showed little differences on either site for days 0, 31, or 62 as can be seen in 
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Appendix Figures 1-4. The MAP treatment showed the greatest fluctuation over time with there being 
an initial mean of 93.9 ppm on day 31 of the trial and a drop to 73.9 ppm by day 62 of the trial. The MAP 
+ Titan XC treatment maintained a much more consistent level of phosphorus over the course of the 
trial as can be seen in Appendix Figures 1-4. At day 62, the phosphorus level had decreased to 78.5 ppm 
for the MAP + Titan XC at Kahlotus and 69.5 mg/kg for the MAP alone for Kahlotus soil. At day 62 the 
phosphorus level had decreased to 98.3 mg/kg for the MAP + Titan XC Burbank treatment and 78.3 
mg/kg for the MAP Kahlotus treatment with an overall average of 88.4 mg/kg P. At day 62 the MAP 
treatment when compared to the MAP + Titan XC treatment, the Titan XC was significantly higher (88.4 
mg/kg) when compared to just the MAP treatment (73.9 mg/kg).   
Table 3.  Phosphorus source by date interaction means for Olsen P concentration across two soil types. 
 Sampling date (days) 
Phosphorus source 0 31 62 
 Olsen P (mg/ kg) 
MAP 18.5 a† 93.9 a 73.9 b 
Titan 19.1 a 87.0 a 88.4 a 
Control 18.3 a 18.6 b 17.1 c 
 † means within date followed by different letters differ at P≤0.05 by protected LSD. 
 
Table 4.  Mean Olsen P for location, phosphorus treatment, and date, 2018 
Effect  Olsen P (ppm) 
Locations Burbank 
 
56.8 a 
 Kahlotus 39.8 b 
 
The Olsen P in untreated control for the Kahlotus and the Burbank sites remained consistent 
across the length of the trial as is shown in Appendix Tables 1-4. The MAP treatment from both the 
Kahlotus and the Burbank trial had an initial higher level of Olsen sodium bicarbonate extractable 
phosphorus at day 31 of the trial when compared with both the un-treated control, as well as the MAP + 
Titan XC treatment, which more rapidly lowered in mg/kg on an Olsen sodium bicarbonate method at 
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day 62 when compared to the MAP + Titan XC treatment. And that the MAP + Titan XC treatment gave a 
more consistent level of Olsen sodium bicarbonate extractable phosphorus over a period of the 62 days 
of the study. It is notable that there was a larger increase in extractable phosphorus in the Burbank soil 
with a 20 mg/kg difference between the MAP treatment and the MAP + Titan XC treatment when 
compared with the Kahlotus soil with a 9 ppm difference between the MAP treatment and the MAP 
Titan XC treatment.  
Why was there such a large difference in extractable phosphorus between the two locations? 
This could be due from one or multiple factors, such as a higher initial level of phosphorus in the 
Burbank soil with an Olsen sodium extractable level of 29 mg/kg compared to the lower phosphorus 
level in the Kahlotus soil with an initial Olsen sodium bicarbonate extractable level of 7.5 ppm. Another 
factor which could also account for the variability is that the Burbank soil had a much higher level of free 
lime in the soil and the Kahlotus soil which had no detectable free lime, but had excessive sodium (Table 
1). These data show that increased level of extractable phosphorus from within the soil profile from the 
application of Titan XC + MAP, in a situation where yield is limited by extractable phosphorus could 
potentially increase crop yield. More especially in an environment in which crop growth is reduced by 
the extractability of soil phosphorus later in the season as the traditional treatment of MAP is becoming 
less extractable over time, when compared the Titan XC + MAP treatment. This could potentially 
positively influence plant health and increase final crop yield.  
The objective of this study was to determine if the inclusion of Titan XC with MAP would 
improve the extractability P in two soils over the period of two months.  The results document that Titan 
XC increased extractable phosphorus across two soils at the 62-day sampling date when compared to an 
equal rate of MAP. But at the conclusion of this trial the largest effect was measured on the soil from 
the Burbank location. The increase in mg/kg was not equal at both Burbank and Kahlotus. On day 62 of 
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the trial the MAP + Titan XC Burbank treatment was 20 mg/kg greater than the MAP Burbank treatment 
site. Whereas the MAP + Titan XC Kahlotus treatment site was only about 9 mg/kg greater than the MAP 
Kahlotus treatment site. This difference between the two sites is most likely because the soils differ 
between the two locations.  While both the Burbank (Quincy fine sand) and Kahlotus (Esquatzel silt loam 
and Cleman fine sandy loam) sites are high pH soils, the Kahlotus location soil has more sodium and a 
lower initial phosphorus level when compared to the Burbank location soil. The Burbank location has a 
much higher level of extractable phosphorus, which a pretreatment level of 28 mg/kg when compared 
to the Kahlotus site, 5 mg/kg (Table 1). The Burbank site also has high effervescence which indicates 
there is free lime in contained in the soil. Whereas the Kahlotus site has no effervescence which 
indicates there is no free lime in the soil. This shows that the Kahlotus location soils have a high pH from 
the excessive sodium in the soil and not excessive free lime. These indicators suggest Titan XC will be 
more successful at making phosphorus more extractable and potentially more available for plant uptake 
in soils which have a greater amount of phosphorus already but which may be complexed with calcium. 
It is unknown by which exact mechanism the Bacillus licheniformis increases the phosphorus extraction 
level of the soil. It could be through metabolic methods or perhaps by creating a more acidic zone 
around the bacteria, more research is needed to answer how this process is conducted by the bacteria.  
Conclusions 
Application of Titan XC to MAP resulted in greater extractable P 62 days after treatment 
application compared to MAP alone. This is relevant because phosphorus is often applied very early in 
the spring, in the fall prior, or placed upfront for a multiyear crop such as alfalfa, vine, or tree crops. 
Having a product maintain extractable P over an extended period, in P limiting environments is vital in 
these cropping systems for plant health. The two soils tested did not differ for this effect and both 
increased in extractable P. This indicates that Titan XC can be effective on high pH soils caused by excess 
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free lime or high sodium in the Columbia Basin of Washington State. Additional testing of Titan XC with 
phosphorus fertilizers may include different rates of P addition and how broadly this product improves 
extractable P.  Additional testing using plant indicators such as tissue P levels, rate of growth, surface 
area, yield quantity and quality will be needed to show Titan XC effectiveness in cropping systems in the 
Columbia Basin.  
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Appendix  
 
Appendix Figure 1.  Olsen-Phosphorus concentration (mg/kg) for a 
Quincy soil with three phosphorus treatments over three dates.  
Burbank, WA, 2018. 
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Appendix Figure 2. Olsen-Phosphorus (mg/kg) for Esquatzel-Cleman 
soil association for three phosphorus treatments over three dates. 
Kahlotus, WA, 2018.  
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Appendix Figure 3.  Olsen-Phosphorus concentration (ppm) for a 
Quincy soil with three phosphorus treatments over three dates.  
Burbank, WA, 2018 
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Appendix Figure 4.  Olsen-Phosphorus (ppm) for Esquatzel-Cleman 
 soil association for three phosphorus treatments over three dates. 
 Kahlotus, WA, 2018 
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Appendix Figure 5.  Mean 2018 and long-term monthly precipitation and temperature for 
Kennewick WA.     
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